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(57) The invention relates to an absorbent compos- 
ite structure comprising a substrate having an upper and 
a lower surface and a plurality of hydrog el-forming poly- 
mer particles chemically bonded to at least one surface 
of the substrate (3). wherein the polymer particles (2) 
each comprise a plurality of cross-linked molecules 
(13=18). The substrate and the hydrogel -forming poly- 
mer particles are connected by a crosslinking agent 
capable of crosslinking the molecules of the particles. 
For at least a part of the structure the degree of inter 
particle cross-linking between the particles is sufficiently 
low that no inter-particle crosslinked macrostructures 



are formed of drcumscribed dry volume larger than 
10mm3 

In this manner the partici es are firmly attached to the 
substrate in both the dry and wet state, without nega- 
tively affecting the substrate's flexibility and while main- 
taining a desired permeability of the composite structure. 
The firm attachment of the particles to the substrate 
allows subjecting the substrate to a physical deforma- 
tions, for instance to impart extensibility thereto, without 
the particles becoming detached. 
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Description 

FIELD OF THE INVENTION 

The invention relates to an absort>ent composite s 
stmcture comprising a substrate having an upper and a 
lower surface and a plurality of hydrogel-forming polymer 
particles chemically bonded to at least one surface of the 
substrate, wherein the polymer particles each comprise 
a plurality of cross-linked molecules. The invention also 10 
relates to an at»sorbent article comprising such an 
at»sorbent composite structure and to a method of mak- 
ing such a structure. 

BACKGROUND OF THE INVENTION is 

Particulate, ah)Sorbent. polymeric compositions are 
capable of absorbing large quantities of liquids such as 
water and body exudates (e.g., urine) and are further 
capable of retaining such absorbed liquids under mod- 20 
erate pressures. The al:>sorption characteristics of such 
polymeric compositions make them espedally useful for 
incorporation into absorbent articles such as diapers. 
See. for example. US. patent 3,699.103 (Harper et al), 
issued June 13, 1972, and U.S. patent 3.770.731 (Har- 2S 
mon) , issued June 20, 1 972, that disclose the use of par- 
ticulate, absorbent, polymeric compositions (often 
referred to as "hydrogels". "^superabsort^ents**. or "hydro- 
colloid materials") in absorbent articles. 

Conventional particulate, absorbent, polymeric 30 
compositions, however, have the limitation that the par- 
ticles are not immobilised and are free to migrate during 
processing and/or use. Migration of the particles can 
lead to material handling losses during manufacturing as 
well as non-homogeneous incorporation of the particles 35 
into structures in which the particles are being used. 
E^ecially when the absorbent polymer particles are 
incorporated in a fibrous matrix at high concentrations, 
the particles may sift out of the matrix of may become 
inhomogeneously distributed in an uncontrolled manner. 40 
as for instance described in European application 
number 941 1 1955.4 (Bogdanski et. al.) Another signifi- 
cant problem occurs when these particulate materials 
migrate during or after swelling in use. Such mobility 
leads to high resistance to liquid flow through the mate- 45 
rial due to the lack of stable interparticle capillary or liquid 
transport channels. This phenomenon is one form of 
what is commonly referred to as "gel tjlocking.** 

One attempt to overcome the perbrmance limita- 
tions associated with absorbent particle mobility during so 
use in absorbent articles is incorporation of the particu- 
late, absorbent, polymeric compositions into tissue lam- 
inates, i.e. layered absorbent structures. By 
encapsulating the particles between tissue layers, and 
affixation of the particles by water bonding or glue bond- ss 
ing, the overall particle mobility within an absorbent 
structure is diminished. However, upon liquid contact, the 
particles within the laminate are often free to move rela- 



tive to each other resulting in the breakdown of any pre- 
existent interparticle capillary channels. 

Another attempted solution is to immobilise the par- 
ticulate, absorbent, polymeric compositions by the addi- 
tion of large quantities of liquid polyhydroxy coopounds 
that act as an adhesive to hold the particles together or 
attach the particles to a substrate. See. for example, U.S. 
patent 4.410.571 (Korpman). issued October 18. 1983. 
While this approach does limit migration before and. to 
some extent, during swelling, the particles eventually 
become detached from each other or from the sut>strate 
in the presence of excess liquid, resulting again in the 
breakdown of any pre-existing capillary channels 
between the particles. 

Another attempted solution to overcome the prob- 
lem of absort>ent particle mobility is to produce a hydro- 
gel-fbrming film by extrusion of a solution of a linear 
at^sorbent polymer and subsequently crosslinking it. 
See, for example, U.S. patent 4.861.539 (Allen et al), 
issued August 29, 1989 (crosslinked with a polyhydroxy 
compound such as a glycol or glycerol); and U.S. patent 
4,076.673 (Burkholder). issued February 28, 1978 
(crosslinked with polyamine-polyamide epichlorohydrin 
adducts such as Kymene®) . While these hydrogel-form- 
ing films may at>sorb significant quantities of liquids, they 
have limited liquid transport properties because they are 
essentially non-porous, i.e. lack internal capillavy chan- 
nels. Indeed, due to the lack of internal capillary chan- 
nels, these hydrogel-forming films are especially prone 
to gel blocking. 

A more recent solution proposed to overcome the 
problem of absorbent particle mobility is to form these 
particles into aggregate macrostructures. typically as 
sheets of bonded absorbent particles. See U.S. patent 
no. 5.102,597 (Roe et al), issued April 7, 1992. These 
aggregate macrostructures are prepared by initially mix- 
ing the absorbent particles with a solution of a nonionic 
crosslinking agent, water and a hydrophilic organic sol- 
vent such as isopropanol. These nonionic crosslinking 
agents include polyhydric alcohols (e.g.. glycerol), 
polyaziridine compounds (e.g.. 2,2-bishydroxymethyl 
butanoltris[3-(1-aziridine) propionate]), haloepoxy com- 
pounds (e.g., epicholorhydrin), polyaldehyde com- 
pounds (e.g., glutaraldehyde), polyamine compounds 
(e.g., ethylene amine), and polyisocyanate compounds 
(e.g., 2.4'toluenediisocyanate), preferably glycerol. See 
Column 11, lines 22-54. of U.S. patent no. 5.102.597. 

It has been described in U.S. patent no. 5.102.597 
that the hydrogel-forming polymeric precursor particles 
may be brought into mutual contact by first depositing 
the particles on a substrate and subsequently effecting 
inter-particle crosslinking of the contiguous particles. 

According to US patent 5,124,188. reinforcement 
structures such as fibers, webs or scrims may be embed- 
ded into the macrostructures of crosslinked particles, to 
provide structural integrity. Embedding the fibers or webs 
into the macrostructure of crosslinked particles is 
effected by mixing the f S^ers with the solution containing 
the Inter-partide crosslinking agent or by mixing the fil>- 
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ers with the particles prior to inter-particle cross-linking. 
Kneading the fibers into the Interparticle crosslinking 
agent/precursor particle mix is prefenred. 

In US patent 5.180,622 (Berg), the formation of an 
interparticle crosslinked aggregate is described, wherein 5 
the aggregate is joined to a can-ier. which may be com- 
prised of cellulosic fbers or which may be formed by a 
web. Joining the aggregate and the carrier is generally 
described as being effected via physical or chemical 
bonding using adhesives or chemicals that react to io 
adhere the macrostruclure, or inter-particle crosslinked 
aggregate, to the can-ier. 

The known formation of composites of combined 
interparticle crosslinked aggregates and reinforcing 
webs is relatively complex, and results in structures is 
which comprise a relatively large weight of hydrogel- 
forming polymeric particles relative to the weight of the 
substrate or carrier. Hence the known composites are 
less suitable for absorbent products in which less 
absorbency is required, such as for instance pantiliners. 20 

Also, joining of the interparticle crosslinked aggre- 
gate to a web, will lead to some degree of toss of flexibility 
of the connbined substrate and aggregate. Composites 
of good flexibility may be obtained, although this requires 
addition of for instance a plasticiser to the interparticle 2S 
crosslinked aggregates. However, it has been found that 
known interparticle crosslinked aggregates may lose 
water when stored for a larger period of time in a dry envi- 
ronment. This may then cause the aggregates to 
become stiff or brittle. 50 

Finally, the known interparticle crosslinked aggre- 
gates are relatively fluid stable as they isotropically 
expand upon being wetted. However, the inter-partide 
crosslinked aggregates may form a resistance to vertical 
transmission of liquid through the absorbent structure, 35 
which in multilayer absorbent products as described in 
European application no. 93305150.0 and no 
93309614.1 may lead to reduced acquisition or fluid 
uptake rates. 

In EP-B-0 273 141 it has been described to adhere 40 
hydrogel-forming polymeric particles to fibers to form 
absorbent flocks. The particles are attached to the fibers 
by adhesive attachment or by mixing fibers and mono- 
mers followed by polymerisation to form the absorbent 
polymer in which the fibers are embedded. A preferred 45 
way of attaching fibers and particles is by dissolving the 
polymeric particles in water, mixing the fibers into the 
solution, drying the solution to solidify the polymeric 
material, and grinding the polymeric materiat-f iber com- 
posite to form flocks of the desired size. so 

The absorbent flocks have as a disadvantage that 
adhesive attachment of polymeric particles to the fibers 
may negatively impact on the absorptive properties of 
the particles. Furthermore, an at>sorbent product formed 
of a multiplicity of flocks will not isotropically swell upon ss 
being wetted and hence have a tendency to exhibit gel 
blocking. 

It is an object of the present invention to form an 
absorbent composite structure comprising hydrogel- 



forming polymeric particles connected to a substrate 
which do not become detached from the substrate upon 
being wetted. 

It is a further object of the invention to provide an 
absorbent composite structure in which the hydrogel- 
forming polymeric particles have a reduced tendency to 
exhibit gel blocking. 

It is again a further object of the invention to provide 
an absorbent structure which comprises a relatively low 
basis weight of hydrogel-forming polymeric particles. 

It another object of the invention to provide an 
at>sorbent composite structure which is flexible and 
which fias relatively little resistance to vertical transmis- 
sion of liquids. 

SUMMARY OF THE INVENTION 

An absorbent composite structure according to the 
present invention is characterised in that the substrate 
and the hydrogel-forming polymer particles are con- 
nected by a crosslinking agent capable of crosslinking 
the molecules of the particles, wherein the degree of 
inter particle cross-linking between the particles is suffi- 
ciently low that no inter-particle crosslinked macrostruc- 
tures are formed of circumscribed dry volume larger than 
10 mm3. 

Upon bonding the hydrogel partdes to the sub- 
strate, care is taken that no coherent, self-supporting 
macrostructure is formed, either prior to contacting the 
particles with the substrate or upon interpartide 
crosslinking during the tending of the partides to the 
substrate by the crosslinking agent. With a self-support- 
ing macroscopic structure, is meant an aggregate of 
inter-partide crosslinked hydrogel-forming particles 
mutually bonded by interparticle crosslink bonds having 
a circumscribed dry volume of at least 10 mnrP. 

This is achieved for instance by maintaining a suffi- 
dent distance between adjacent hydrogel-forming parti- 
des by application of relatively low basis weights of 
absorbent particles to the substrate, followed by bonding 
the particles to the substrate. A basis weight below 
I00g/m2 will for typical hydrogel-formir^ particles of 
mass median particle size of about 400 micro meters 
prevent interpartide crosslinked bonds from forming 
upon attachment of the absorbent particles to the sub- 
strate by crosslinking. Preferably, the basis weight of the 
hydrogel-forming particles is sufficiently low that in a pre- 
determined area of the substrate at least 50 % of the 
particles do not contact another particle. 

Another way of preventing the formatfon of interpar- 
ticle crosslinked macrostructures. is by preventing the 
cross-linking agent, that bonds the particles to the sub- 
strate, from migrating into the space between adjacent 
particles, for instance by applying the crosslinking agent 
only to the substrate-particle interface. 

The crosslink bonds formed between the hydrogel- 
forming particles and the substrate do not negatively 
affect the absorbent properties of the hydrogel-forming 
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particles, as is the case for instance with adhesive bond- 
ing. 

The crosslink bonds between the hydrogel-forming 
partides and the sut>strate are relatively little affected by 
wetting. As the particles swell when absorbing liquid, 5 
they remain tx)nded to the substrate. The relative posi- 
tion between the bonded hydrogel-forming particles is 
hereby maintained and gel blocking due to contact of 
neighbouring swollen particles is reduced. 

Simultaneously with bonding of the hydrogel-form- io 
ing particles to the substrate, a surface cross-linking of 
the individual particles can take place to modify the sur- 
face properties of each hydrogel-forming particle. An 
Increased degree of surface crosslinking of the particles 
will lead to an Increased absorption against pressure of i5 
the particles, and will help to maintain good permeability 
of the particle-substrate composite. 

By attaching the hydrogel-forming particles to the 
substrate In an individual manner, rather than in the form 
of a macroscopic structure, comprising an interpartide 20 
crosslinked aggregate, the total absorbent capadty of 
the composite absorbent structure according to the 
invention can be reduced, the liquid transmission can be 
IrKjreased and flexibility of the composite structure is 
Improved. ^5 

Highly flexible composite structures comprising a 
substrate and absorbent partides having a relatively low 
absorbent capacity are required in products which are 
Intended to absorb relatively small amounts of fluids, 
such as pantiliners or sanitary napkins or light inconti- 30 
nence pads. A typical sanitary napkin has a basis weight 
of hydrogel-forming particles of about 54 g/nn2. Also, 
when the absorbent composite structure is used as the 
upper layer In a multilayer structure comprising multiple 
layers of hydrogel forming particles, such as described 35 
in European patent application no. 93305150.0 and 
93309614.1, the relatively liquid permeable composite 
structure according to the invention, of relatively small 
absorbent capacity, ensures optimal liquid acquisition, 
distribution and storage. "^o 

By applying a low basis weight of hydrogel-forming 
partides to a flexible substrate, and firmly attaching 
these partides thereto by crosslink bonds, the flexibility 
of the composite structure Is larger than for macrosti-uc- 
tures comprising interpartide-cross linked aggregates 45 
that are attached to a flexible substrate. In use of an 
absorbent article tiiat incorporates the absorbent com- 
posite structure according to the invention, increased 
flexibility will provide increased fit and increased comfort, 
due to good conformability to the anatomy of the user, so 
The flexible substrate can be readily stored on a roll after 
formation, the roll being stored or being transported and 
being unwound in a production process for forming of an 
absorbent article. 

The partides may be connected to both surfaces of ss 
the substrate such that the substrate is sandwiched 
between two layers of particles. Alternatively, a layer of 
partides may be sandwiched k^etween two substrate lay- 
ers and hence be protected against mechanical damage. 



In one embodiment of an absorbent conposite 
structure, tiie hydrogel-forming particles are non-uni- 
formty dispersed on the substrate and are distributed 
onto the substrate in a pattern such as spots or stripes 
or otiier areas of varying basis weight For instance, a 
substrate comprising an area of a low basis weight of 
hydrogel forming partides or comprising an area free of 
hydrogel forming particles, can advantageously be used 
as a liquid permeable upper layer In a multilayer structure 
such as disclosed in International patent application WO 
92/1 1831 (Feist et al.) or WO 92/1 1830 (Noel et al.). In 
these multilayer structures the area of low basis weight 
can form a wirKlow through which liquid can enter to the 
lower layers. Alternatively, the composite structure hav- 
ing a central area of low basis weight of hydrogel-forming 
p>articles, can be used as a core for a catamenial product 
in which longitudinal liquid flow is pronrK>ted along the 
central area which acts as a liquid-directing channel such 
cores are disdosed in WO 94/02092 (Coles). 

A further advantage of the absence of an inter-par- 
ticle crosslinked aggregate, Is that the composite struc- 
ture can be mechanically deformed In a relatively fine 
tine pattern for instance by ringrolling as described in 
U S. patent no. 5.167,897 to Impart a relatively large 
degree of extensibility to the composite structure, without 
the partides becoming detached from tiie substrate. 

The absorbent conposite structure according to the 
invention can advantageously be made elastically exten- 
sible. The substrate can freely expand and contract with- 
out being restrained by the hydrogel-forming particles, 
which remain firmly attached to the substrate upon 
stretching. In one errtbodiment such as described in U.S. 
application no. 08/096*092 (Osborn) tiie composite 
structure extends between 5% and 50 % under forces of 
between 50 g and 1500 g. Elastically extensible absorb- 
ent structures which extend to 140 % of their relaxed 
length under a force between 250 g and 800 g have been 
described in WO 93/01 785 (Osborn et al.) 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in detail with refer- 
ence to the accompanying drawings. In the drawings: 

Rgure 1 shows a cross-sectional view of a known 
absorbent composite structure, 
Rgures 2-7 show cross-sectional views of embodi- 
ments of absorbent composite structures according 
to the invention. 

Rgure 8 shows a cross-sectional view of an absorb- 
ent core comprising an absort>ent composite struc- 
ture according to the invention. 
Rgure 9 shows a cross-sectional view of a thin, f lex- 
ft)le sanitary napkin comprising an absorbent core 
formed form an absorbent composite structure 
according to invention. 

Rgure 10 shows the flexibility of an absorbent com- 
posite structure according to the invention, for vary- 
ing basis weight of hydrogel-forming particles 
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Figures 11 -14 shc3w plan views of embodiments of 
different patterns of hydrogel-forming particles 
attached to a substrate, 

Figure 15 shows a perspective view of a composite 
absorbent structure having holes in the layer of s 
hydrogel-forming particles. 
Figure 16 shows a perspective view of a composite 
absorbent structure having holes in both the layer of 
hydrogel forming particles and the substrate. 
Figure 1 7 shows a cross-sectional view of an exten- io 
sible composite absorbent structure having a plural- 
ity of corrugations, 

Figure 18 shows a perspective view of a composite 
absorbent structure that is slitted. and 
Figure 1 9 shows a schematic view of an apparatus is 
for forming composite absorbent structures accord- 
ing to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

Figure 1 shows a known composite absorbent struc- 
ture such as described in US application no. 08/142 258 
(Hsueh). A macrostruclure comprising an interpartide 
crosslinked absorbent aggregate 1 is bonded to a sub- 
strate 3. The crosslinked aggregate 1 is formed by inter- 2S 
particle crosslinked particles 2. The particles 2 are 
connected by crosslinking to form a macrostructure in 
the form of a self-supporting continuous layer. For stabil- 
ity and improved strength, this layer is connected to a 
substrate 3 by means of chemical bonding or by adhe- 30 
sive attachment. The crosslinked aggregate 1 is formed 
of hydrogel-forming particles which may have a diameter 
between 50 and 2000 microns. The thickness of the 
interpartide crosslinked aggregate is for instance 
between 250 microns and 1 0 millimeter. The crosslinked 35 
aggregate as shown in figure 1 extends across substan- 
tially the whole upper surface 1 9 of the substrate 3 and 
is self-supporting, i.e. it is not reduced into individual par- 
ticles upon detaching the aggregate 1 from the substrate 
3. The crosslinked aggregate 1 is formed by applying a 4o 
first layer 5 of hydrogel-forming particles 2 on a conveyor 
or directly onto a substrate, such that these particles are 
in intimate mutual contad. The particles are transported 
underneath a sprayhead which applies a cross-linking 
agent to the particles to effect interpartide crosslinking. 45 
After cross-linking the first layer 5 of particles 2, the sec- 
ond layer 7 is deposited onto the first layer 2. This layer 
is attached by crosslinking with the particles of the first 
layer. Further crosslinking agent is applied to layer 7 in 
a second spraying station. In this way, several layers of so 
partides 2 are connected to form the aggregate. 

Figures 2 and 3 show an absorbent composite struc- 
ture 4 according to the invention. The hydrogel-forming 
partides 2 are deposited onto the substrate 3 such that 
no coherent self-supporting crosslinked aggregate is ss 
formed. The partides 2 comprise crosslink bonds 9 with 
the cellulosic material of the substrate 3 and are attached 
via these bonds. For the particles 2 according to the 
invention, the crosslink bonds 9 between the molecules 



of the particles and the molecules of the substrate 3 form 
the attachment of the majority of particles, contrary to 
the structure according to figure 1 . in which most parti- 
des are attached to the substrate 3 via other particles 
with which they form a crosslinked aggregate. In the 
absort»ent composite structure 4 there is a degree of 
crosslinking between neighbouring particles, such as 
interpartide aosslink bond 1 1 between partides 10 and 
12. wherein each particle 10 and 12 is located on the 
substrate 3. Other crosslink bonds may be formed 
between partides that are located on the substrate 3 and 
between particles that are located on top these partides. 
This is illustrated by particles 1 4 and 1 6. wherein partide 
16 is connected to the substrate 3 via crosslink bond 9 
and particle 14 is connected to particle 16 by a crosslink 
bond of the same type as crosslink bonds 9. Further 
CTOsslink bonds may be formed between particles 1 7 and 
13 which are only indirectly connected to the substrate 
3, and between particles 13 and 18. such that a small 
size aggregate is formed by interpartide aosslinked par- 
tides 13. 14, 15. 16. 17 and 18. It is important in all cases 
that the dimensions W. W of the aggregates are such 
that no coherent, self-supporting agglomerated mac- 
rostructure is formed of circumscribed dry vdume larger 
than 10 mnrP. 

One way of making an absorbent connposite struc- 
ture as shown in figure 2. is by first aggregating the pre- 
cursor particles 2 into aggregates of a largest 
circumscribed dry volume of 10 mm^ and subsequently 
attaching these aggregates to the substrate while main- 
taining sufficient spacing between neighbouring aggre- 
gates to prevent crosslink bonds being formed between 
adjacent aggregates. 

Alternatively the hydrogel-forming particles 2 can 
be directly applied to the substrate 3 in a suffidently low 
t>asis weight, such that the formation of inter-partide 
aoss link bonds are limited. This can for exanrple be 
achieved by applications of basis weights below 100 
gm"2 to the substrate 3. 

Again, alternatively, the hydrogel-forming particles 2 
may be applied to the substrate 3 in a substantially con- 
tinuous layer, as shown in figure 3. the crosslinking agent 
for connecting the partides to the substrate 3 being 
applied in such a way that only the particle-substrate 
interface 19 is contacted by crosslinking agent. For 
instance, the cross linking agent can be applied to the 
upper surface of the substrate 3 prior to depositing par- 
ticles 2 onto the substrate 3. 

Absorbent Precursor Particles 

The absorbent composite structures used in the 
present invention are formed from polymer materials 
capable of absorbing large quantities of liquids. (Such 
polymer materials are commonly refen-ed to as "hydro- 
gel", "hydrocolloid". or "superabsorbent" materials.) The 
hydrogel-forming particles preferably conprise substan- 
tially water-insoluble, absorbent hydrogel-forming, poly- 
mer nriaterial. The specific polymer materials will be 
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discussed herein with respect to those forming the 
absorbent gelling particles (hereinafter also referred to 
as "precursor particles**). 

Although the precursor particles can have a size var- 
ying over a wide range, specif tc particle size distributions 5 
and sizes are preferred. For purposes of the present 
invention, particle size is defined for precursor particles 
that do not have a large greatest dimension/smallest 
dimension ratio such as fibers (e.g., granules, flakes, or 
pulverulents) as the dimension of a precursor particle io 
which Is determined by sieve size analysis. Thus, for 
example, a precursor particle that is retained on a stand- 
ard #30 sieve with 600 micron openings is considered to 
have a particle size greater than 600 microns, a precur- 
sor particle that passes through the #30 sieve with 600 75 
micron openings and is retained on a standard #35 sieve 
with 500 micron openings is considered to have a particle 
size between 500 and 600 microns, and a precursor par- 
ticle that passes through a #35 sieve with 500 micron 
openings Is considered to have a particle size less than 20 
500 microns. In preferred embodiments of the present 
invention, the precursor particles will generally range in 
size from about 1 micron to about 2000 microns, more 
preferably from about 20 microns to about 1 000 microns. 

Further, for purposes of this invention, the n^ss 25 
average particle size of the precursor particles is impor- 
tant in determining the characteristics and properties of 
the resultant composite absorbent structures. The mass 
average particle size of a given sample of precursor par- 
tides is defined as the particle size which is the average 30 
parttde size of the sample on a mass t>asis. A method 
for determining the mass average particle size of a sam- 
ple is described in detail In US Application no. 08/142 
258. The mass average particle size of the precursor par- 
ticles will generally be from about 20 microns to about 35 
1 500 microns, more preferably from about 50 microns to 
about 1000 microns, most preferably from about 50 
microns to atx)ut 800 microns. In especially preferred 
embodiments, the mass average partide sizes is from 
alx)ut 100 microns to about 250 microns. The particles 40 
can be substantially uniform in size and shape, or can 
be randomly or ordered in size and shape. In an exem- 
plary emtxxJiment. at least about 95% by weight of the 
precursor particles have a particle size between about 
1 50 microns and about 300 microns. In an alternative 45 
embodiment, at least about 95% by weight of the precur- 
sor particles have a particle size between about 90 
microns and about 180 microns. Narrow precursor par- 
ticle size distributions are preferred because they result 
in a higher porosity absorbent composite structure due so 
to the higher void fraction when densif ied versus broader 
precursor particle size distributions with equivalent mass 
average particle sizes. 

The particle size of materials having a large greatest 
dimension/smallest dimension such as fibers is typically 55 
defined by their largest dimension. For example, if 
absorbent, polymeric fibers (i.e. hydrogel-forming fibers) 
are used in the composite absorbent structures, the 
length of the ftoers is used to define the "particle size." 



(The denier and/or the diameter of the fibers can also fc>e 
specified.) In exemplary embodiments of the present 
invention, the f bers have a length greater than about 5 
mm, preferably between about 10 mm and about 100 
mm, more preferat>ly between at>out 10 mm and about 
50 mm. 

The precursor partides comprise substantially 
water-insoluble, absorbent hydrogel-forming, polymer 
material having a multiplicity of anionic, functbnal 
groups, such as sulfonic acid, and more typically car- 
boxy groups. Examples of polymer materials suitable for 
use as the precursor particles herein indude those which 
are prepared from polymerizable, unsaturated, add-con- 
taining monomers. Thus, such monomers include the 
olef tnically unsaturated acids and anhydrkJes which con- 
tain at least one carbon to carbon oleflnic double bond. 
More specifically, these monomers can be selected from 
olefinically unsaturated carboxylic adds and acid anhy- 
drides, olefinically unsaturated sulfonic acids, arKi mix- 
tures thereof. 

Some non-acid monomers can also be included, 
usually in minor amounts, in preparing the precursor par- 
ticles herein. Such nonacid monomers can Include, for 
example, the water-soluble or water-dlspersible esters of 
the acid-containing monomers, as well as monomers 
which contain no carboxylic or sulfonic acid groups at ail. 
Optional non-add monomers can thus indude mono- 
mers containing tiie following types of functional groups: 
carboxylic acid or sulfonic add esters, hydroxyl groups, 
amide-groups, amino groups, nitrile groups and quater- 
nary ammonium salt groups. These non-ackJ monomers 
are well-known materials and are described in greater 
detail, for example, in U.S. patent 4.076,663 (Masuda et 
al), issued February 28. 1978. and in U.S. patent 
4.062,817 (Westerman), issued December 13, 1977, 
both of which are incorporated by reference. 

Olefinically unsaturated cartx>xylic acid and caftx>x- 
ylic acid anhydride monomers include the acrylic acids 
typified by acrylic add itself, methacrylic acid, ethaaylic 
add, a-chloroacrylic acid, a-cyanoacrylic acid, b-methy- 
lacrylic acid (aotonic acid), a-phenylacrylic acid, b-acry- 
loxypropionic add, sorbic acid, a-chlorosorbic add, 
angelic acid, dnnamic acid, p-chloro dnnamic acid, b- 
sterylacrylic add, itaconic add. citroconic add, mesa- 
conic acid, glutaconic acid, aconitic add. maleic add, 
fumaric acid, tricarboxyethylene and maleic acid anhy- 
dride. 

Olefinically unsaturated sulfonic add monomers 
include aliphatic or aromatic vinyl sulfonic acids such as 
vinylsuKbnic acid, allyl sulfonic add. vinyltoluene sulfonic 
add and styrene sulfonic acid; acrylic and methacrylic 
sulfonic acid such as sulfoethyl acrylate. sulfoethyl meth- 
acrylate, sulfopropyl acrylate, sulfopropyl methacrylate, 
2-hydroxy-3-methacryloxy propyl sulfonic acid and 2- 
acrylamide-2-methylpropane sulfonic add. 

Preferred polymer materials for use in the present 
invention contain cart>oxy groups. These polymers 
include hydrolyzed starch-acrylonitrile graft copolymers, 
partially neutralised starch-acrylonitrile graft copoly- 
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mers. starch acryiic acid graft copolymers, partially neu- 
tralised starch-acrylic acid graft copolymers, saponified 
vinyl acetate-acrylic ester copolymers, hydrolysed acry- 
lonitrile or acrylamide copolymers, slightly network 
crosslinked polymers of any of the foregoing copolymers, 
partially neutralized polyacrylic acid, and slightly network 
crosslinked polymers of partially neutralized polyacrylic 
acid. These polymers can be used either solely or in the 
form of a mixture of two or more different polymers. 
Examples of these polymer materials are disclosed in 
U.S. patent 3,661.875. U.S. Patent 4.076.663, U.S. pat- 
ent 4,093.776. US.patent 4,666,983, and U.S. patent 
4.734,478. 

Most preferred polymer materials for use in making 
the precursor particles are slightly network crosslinked 
polymers of partially neutralised polyacrylic acids and 
starch derivatives thereof. Most preferably, the precursor 
particles comprise from about 50% to about 95%, pref- 
erably about 75%. neutralised, slightly network 
crosslinked, polyacrylic acid (i.e. poly (sodium acr- 
ylate/acrylic acid)). As described above, the precursor 
particles are preferably made from polymer materials 
that are slightly network crosslinked. Network crosslink- 
ing serves to render the polymer materials from which 
the precursor particles are made substantially water- 
insoluble and. in part, determines the absorptive capac- 
ity and extractable polymer content characteristics of the 
precursor particles and the resultant composite absorb- 
ent structures. Processes for network crosslinking the 
polymers and typical network crosslinking agents are 
described in greater detail in the hereinbefore-refer- 
enced U.S. patent 4,076.663. 

The individual precursor particles can be formed in 
any conventional manner. Typical and preferred proc- 
esses for producing the individual precursor particles are 
described in U.S. patent Re. 32.649 (Brandt etal). issued 
April 19, 1988, U.S. patent 4,666,983 (TsubaWmoto et 
al). issued May 19, 1987. and U.S. patent 4.625.001 
(Tsubakimoto et al). issued November 25. 1986, all of 
which are incorporated by reference. Preferred methods 
for forming the precursor particles are those that involve 
aqueous solution or other solution polymerization meth- 
ods. As described in the above-referenced U.S. patent 
Re. 32,649, aqueous solution polymerization involves 
the use of an aqueous reaction mixture to carry out 
polymerization to form the precursor particles. The aque- 
ous reaction mixture is then subjected to polymerization 
conditions which are sufficient to produce in the mixture, 
substantially water-insoluble, slightly network 
crosslinked polymer material. The mass of polymer 
material thereby formed is then pulverized or chopped 
to form the individual precursor particles. 

More specifically, the aqueous solution polymeriza- 
tion method for producing the individual precursor parti- 
cles comprises the preparation of an aqueous reaction 
mixture in which to carry out polymerization to form the 
desired precursor partides. One element of such a reac- 
tion mixture is the acid group-containing monomer mate- 
rial which will form the "backbone" of the precursor 



particles to be produced. The reaction mixture will gen- 
erally comprise about 100 parts by weight of the mono- 
mer material. Another component of the aqueous 
reaction mixture comprises a network crosslinking 

5 agent. Network crosslinking agents useful in forming the 
precursor particles are described in more detail in the 
above-referenced U.S. patent Re. 32,649, U.S. Patent 
4.666,983. and U.S. patent 4.625,001. The network 
crosslinking agent will generally be present in the aque- 

to ous reaction mixture in an amount of from about 0.001 
mole percent to about 5 mole percent based on the total 
moles of monomer present in the aqueous mixture 
(about 0.01 to about 20 parts by weight, based on 100 
parts by weight of the monomer material). An optional 

fs component of the aqueous reaction mixture comprises 
a free radical initiator including, for example, peroxygen 
compounds such as sodium, potassium, and ammonium 
persutfates, caprylyl peroxide, benzoyl peroxide, hydro- 
gen peroxide, cumene hydroperoxides, tertiary butyl 

20 diperphthalate, tertiary butyl perbenzoate. sodium pera- 
cetate, sodium percarbonate, and the like. Other optional 
components of the aqueous reaction mixture comprise 
the various non-acidic comonomer materials including 
esters of the essential unsaturated acidic functional 

25 group-containing monomers or other comonomers con- 
taining no carboxylic or sulfonic acid functionalities at all. 

The aqueous reaction mixture is subjected to polym- 
erization conditions which are sufficient to produce in the 
mixture substantially water-insoluble, absorbent, hydro- 

30 gel-forming, slightly network crosslinked polymer mate- 
rials. The polymerization conditions are also discussed 
in more detail in the three above-referenced patents. 
Such polymerization conditions generally involve heat- 
ing (thermal activation technkques) to a polymerization 

35 temperature from about 0*C to about lOO'^C. more pref- 
erably from about 5*'C to about 40*^0 . Polymerization 
conditions under which the aqueous reaction mixture is 
maintained can also include, for example, subjecting the 
reaction mixture, or portions thereof, to any conventional 

40 form of polymerization activating irradiation. Radioac- 
tive, electronic, ultraviolet, or electromagnetic radiation 
are alternative conventional polymerization techniques. 

The acid functional groups of the polymer materials 
formed in tiie aqueous reaction mixture are also prefer- 

45 ably neutralized. Neutralization can be carried out in any 
conventional manner which results in at least about 25 
mole percent, and more preferably at least about 50 mole 
percent, of the total monomer utilized to form the polymer 
material being acid group-containing monomers that are 

so neutralized with a salt-forming cation. Such salt-forming 
cations include, for example, alkali metals, ammonium, 
substituted ammonium and amines as discussed in fur- 
ther detail in the above-references U.S. psLt&nX Re. 
32.649. While it is preferred tiiat the precursor particles 

55 be manufactured using an aqueous solution polymeriza- 
tion process, it is also possible to carry out the polymer- 
ization process using multi-phase polymerization 
processing techniques such as inverse emulsion polym- 
erization or inverse suspension polymerization proce- 
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dures. In the inverse emulsion polymerization or inverse 
suspension polymerization procedures, the aqueous 
reaction mixture as hereinbefore descrtoed Is sus- 
pended in the form of tiny droplets in a matrix of a water- 
immiscible, inert organic solvent such as cydohexane. 
The resultant precursor particles are generally spherical 
in shape. Inverse suspension polymerization procedures 
are described in greater detail in U.S. patent 4,340.706 
(Obaysashi et al), issued July 20. 1982. U.S. Patent 
4,506»052 (Flesher et al). issued March 19, 1985. and 
US. patent 4.735.987 (Merita et al). issued April 5, 1988, 
all of which are incorporated by reference. 

The precursor partides are preferably substantially 
dry The term "substantially dry" is used herein to mean 
that the precursor partides have a liquid content, typi- 
cally water or other solution content, less than about 
50%, preferably less than about 20%. more preferably 
less than about 10%, by weight of the precursor partides. 
Most preferably, the liquid content of the precursor par- 
ticles is in the range of from about 0.01% to about 5% by 
weight of the precursor particles. The individual precur- 
sor partides can be dried by any conventional method 
such as by heating. Alternatively, when the precursor 
partides are formed using an aqueous reaction mixture, 
water can be removed from the reaction mixture by aze- 
otropic distillation. The polymer-containing aqueous 
reaction mixture can also be treated with a dewatering 
solvent such as methanol. Combinations of these drying 
procedures can also be used. The dewatered mass of 
polymer material can then be chopped or pulverized to 
form substantially dry precursor particles of substantially 
water-insoluble, absorbent, hydrogel-forming, polymer 
material. 

Preferred precursor particles of the present inven- 
tion are those which exhibit a high absorptive capacity 
so that the resultant macrostructure formed from such 
precursor particles also has a high absorptive capadty. 
Absorptive capacity refers to the capacity of a given pol- 
ymer material to absorb liquids with which it comes into 
contact. Absorptive capacity can vary significantly with 
the nature of the liquid being absorbed and with the man- 
ner in which the liquid contacts the polymer material. For 
purposes of this invention. Absorptive Capacity is 
defined in terms of the amount of Synthetic Urine 
at>soibed by any given polymer material in terms of 
grams of Synthetic Urine per gram of polymer material 
in a procedure such as defined in the Test Methods sec- 
tion of US application no. 08/142 258 (Hsueh). Prefen-ed 
precursor particles of the present invention are those 
which have an Absorptive Capacity of at least about 20 
grams, more preferably at least about 25 grams, of Syn- 
thetic Urine per gram of polymer material. Typically, the 
p>olymer materials of the precursor particles herein have 
an Absorptive Capadty of from about 20 grams to about 
70 grams of Synthetic Urine per gram of polymer mate- 
rial. Precursor particles having this relatively high 
absorptive capacity characteristic produce macrostruc- 
tures that are especially useful in at»sorbent products, 
absorbent members, and absorbent articles since the 



resultant macrostructures formed from such precursor 
particles can. by definition, hold desirably high amounts 
of discharged body exudates such as urine. 

While all of the precursor partides may be typically 

5 formed from the same polymer material with the same 
properties, this need not be the case. For example, some 
precursor partides can comprise a starch-acrylic acid 
graft copolymer while other precursor particles can com- 
prise a slightly network crosslinked polymer of partially 

10 neutralized polyacrylic acid. Further, the precursor par- 
ticles can vary in size, shape, absorptive capacity, or any 
other property or characteristic. In a preferred emkxxli- 
ment of the present invention, the precursor particles 
consist essentially of slightly network crosslinked poly- 

75 mers of partially neutralized polyacrylic acid. 

In another emtxxliment of the present invention, the 
precursor partides can themselves be crosslinked at 
least at a portion of. preferably substantially all of. their 
surfaces, prior to forming the precursor particles into an 

20 akjsorbent composite structure. The surface crosslinking 
of precursor partides can be made by any of the 
crosslinking agents described hereinafter. Preferred 
crosslinking agents preferably have relatively large 
molecular size, and are preferably cationic. Such a 

25 crosslinking agerrt is unable to penetrate inside the 
absorbent particles, and therefore can only react with 
polymer material at the surface thereof effectively Most 
preferably, the crosslinking agent is a cationic amino- 
epichlorohydrin adduct Surface crosslinked hydrogel- 

30 forming absorbent polymers have a higher level of 
crosslinking in the vicinity of the surface than in the inte- 
rior. As used herein, "surface** describes the outer-facing 
boundaries of the particle, fiber, etc. For porous hydro- 
gel-forming absorbent polymers (e.g., porous particles, 

35 etc.), exposed internal bourtdaries can also be included. 
By a higher level of crosslinking at the surface, it is meant 
that the level of functional crosslinks for the hydrogel- 
forming absorbent polymer in the vicinity of the surface 
is generally higher than the level of functional crosslinks 

40 for the polymer in the interior. 

The gradation in crosslinking from surface to interior 
can vary, both in depth and profile. Thus, for example, 
the depth of surface crosslinking can be shallow, with a 
relatively sharp transition to a lower level of crosslinking. 

45 Alternatively, for example, the depth of surface crosslink- 
ing can be a significant fraction of the dimensions of the 
hydrogel-forming at)Sorbent polymer, with a broader 
transition. 

Depending on size, shape, porosity as well as func- 
so tional considerations, the degree and gradient of surface 
crosslinking can vary within a given hydrogel-forming 
absorbent pdymer For particulate hydrogel-forming 
absorbent polymers, surface crosslinking can vary with 
particle size, porosity, etc. Depencfing on variations in 
55 surface volume ratio within the hydrogel-forming absorb- 
ent polymer (e.g., between small and large partides). it 
is not unusual for the overall level of crosslinking to vary 
within the material (e.g.. be greater for smaller partides). 
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Surface crosslinking is generally accomplished after 
the final boundaries of the hydrogel-forming absorbent 
polymer are essentially established (e.g., by grinding, 
extruding, foaming, etc.) However, it is also possible to 
effect surface crosslinking concurrent with the creation 
of final boundaries. Furthermore, some additional 
changes in boundaries can occur even after surface 
crosslinks are introduced. 

A number of processes for introducing surface 
crosslinks are disclosed in the art. These include those 
where: (i) a di- or poly-functional reagenl(s) (e.g.. glyc- 
erol, 1 ,3-dioxolan-2-one. polyvalent metal ions, polyqua- 
ternary amines) capable of reacting with existing 
functional groups within the hydrogel-forming absort)ent 
polymer is applied to the surface of the hydrogel-forming 
absorbent polymer; (ii) a di- or poly-functional reagent 
that is capable of reacting with other added reagents and 
possibly existing functional groups within the hydrogel- 
forming absorbent polymer such as to increase the level 
of crosslinking at the surface is applied to the surface 
(e.g., the addition of monomer plus crosslinker and the 
initiation of a second polymerization reaction); (iii) no 
additional polyfunctional reagents are added, but addi- 
tional reaction(s) is induced amongst existing conrpo- 
nents within the hydrogel-forming absorbent polymer 
either during or after the primary polymerization process 
such as to generate a higher level of crosslinking at or 
near the surface (e.g.. heating to induce the formation of 
anhydride and or esters crosslinks between existing pol- 
ymer carboxylic acid and/or hydroxyl groups and suspen- 
sion polymerization processes wherein the crosslinker is 
inherently present at higher levels near the surface); and 
(iv) other materials are added to the surface such as to 
induce a higher level of crosslinking or otherwise reduce 
the surface deformability of the resultant hydrogel. Com- 
binations of these surface crosslinking processes either 
concurrently or in sequence can also be employed. In 
addition to crosslinking reagents, other components can 
be added to the surface to aid/control the distribution of 
crosslinking (e.g., the spreading and penetration of the 
surface crosslinking reagents.) 

Suitable general methods for carrying out surface 
crosslinking of hydrogel-forming absorbent polymers 
according to the present invention are disclosed in U.S. 
patent 4,541,871 (Obayashi), issued September 17. 
1985; published PCT application W092/16565 
(Stanley), published October 1, 1992, published PCT 
application WO90/08789 (Tai), published August 9, 
1990; published PCT application WO93/05080 
(Stanley), published March 18, 1993; U.S. patent 
4,824.901 (Alexander), issued April 25. 1989; U.S. pat- 
ent 4.789.861 (Johnson), issued January 17. 1989; U.S. 
patent 4,587.308 (Makita). issued May 6. 1986; U.S. pat- 
ent 4.734,478 (Tsubakimoto). issued March 29. 1988; 
U.S. patent 5.164.459 (Kimura et. al.). issued November 
17, 1992; puk^ished German patent application 
4,020,780 (Dahmen). published August 29, 1991; and 
published European patent application 509.708 



(Gartner), published October 21, 1992; all of which are 
incorporated by reference. 

Cro$$ijnK'nq Agent 

5 

A crosslinking agent is used to crosslink the polymer 
material of the precursor particles 2 to the absorbent 
substrate 3. A suitable crosslinking agent can be a non- 
ionic crosslinking agents described in U.S. patent 

10 5,102,597 (Roe et al), issued April 7, 1992. These non- 
ionic crosslinking agents include polyhydric alcohols 
(e.g.. glycerol), polyaziridine compounds (e.g.. 2,2- 
bishydroxymethyl butanoltris[3-(1 -aziridine) propion- 
ate]), haloepoxy oonpounds (e.g.. epicholorhydrin), 

15 polyaldehyde compounds (e.g.. glutaraWehyde). 
polyamlne compounds (e.g.. ethylene amine), and 
polyisocyanate compounds (e.g., 2,4-toluene diisocy- 
anate). preferably glycerol. 

Preferred crosslinking agents are those which pri- 

20 marily provide crosslinking at portions of the surface of 
the absorbent precursor particles. Such crosslinking 
agents preferably have relatively large molecular size, 
and are preferably cationic. As a result, it Is believed, 
such a crosslinking agent is unable to penetrate inside 

25 the absortDent particles, and therefore can only react witii 
polymer material at the surface thereof effectively It is 
possible tiiat some such larger crosslinking agent can 
penetrate into the particle when tiie partide is swelled 
via the swelling agent. 

30 Another preferred crosslinking agent is one which 
reacts very rapidly with the anionic, typically carboxy 
functional groups of the polymer material of the absorb- 
ent particles, even at a room temperature range (e.g., at 
from about 1 3**C to atxiut 33**C). As a result, fairly modest 

35 levels (e.g., as low as about 1 % by weight of tiie particles) 
of such crosslinking agent are required to provkJe effec- 
tive surface crosslinking of the polymer material present 
in the absorbent precursor particles. 

A preferred crosslinking agent of the present inven- 

40 tion, however, is an adduct of epichlorohydrin with certain 
types of monomeric or polymeric amines. These amino- 
epichlorohydrin adducts react with the polymer material 
of the absorbent precursor particles, and in particular the 
anionic, typically carboxy, functional groups of these pol- 

45 ymer materials to form a oovalent, ester-type bond. In 
other words, the amino-epichlorohydrin adduct serves to 
crosslink the polymer material present in the absorbent 
precursor particles. (The portions of the absort^nt par- 
ticle containing polymer material that has been effec- 

50 tively crossltnked with the amino-epichlorohydrin adduct 
swell less in the presence of aqueous body fluids relative 
to the other uncrosslinked portions of the partide.) Such 
cationic amino-epichlorohydrin adduct, especially a pol- 
ymeric resin version, is relatively large such that prefer- 

55 ential surface crosslinking is achieved. Such adduct witii 
its cationic functional groups (e.g., azetedinium groups) 
can react rapidly witii the polymer material at the room 
temperature range of preferably from atx)ut IS'^C to 
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about 33**C, more preferably from about 18**C to about 
28**C, most preferably about 23**C. 

As used herein, "cationic amino-epichlorohydrin 
adduct" refers to the reaction product between epichlo- 
rohydrin and a monomer Ic or polymeric amine such that s 
the resulting reaction product has at least two cationic 
functional groups. These adducts can be in the form of 
monomeric compounds {e.g., the reaction product of 
epichlorohydrin and ethylene diamine), or can be in pol- 
ymeric form (e.g.. the reaction product between epichio- 10 
rohydrin. and polyamide-polyamines or 
polyethyleneimines). The polymeric versions of these 
cationic amino-epichlorohydrin adducts are typically 
referred to as "resins." 

One type of amino compound which can be reacted is 
with epichlorohydrin to form adducts useful in the present 
invention comprises monomeric di-. tri- and higher 
amines having primary or secondary amino groups in 
their structures. Examples of useful diamines of this type 
include bis-2-aminoethyl ether, N,N-dimethylethylenedi- 20 
amine, piperazine, and ethyl enediamine. Examples of 
useful triamines of this type include N-aminoethyl piper- 
azine, and dialkylene triamines such as diethylenetri- 
amine, and dipropylenetrlamine. 

Such amine materials are reacted with epichlorohy- 25 
drin to form the cationic amino-epichlorohydrin adducts 
useful as crosslinking agents herein. Preparation of 
these adducts. as well as a more complete description 
of the adducts themselves, can be found in U.S. patent 
4.310.593 (Gross), issued January 12, 1982. and in 30 
Ross et al. J. Organic Chemistry Vol. 29. pp. 824-826 
(1 964). Both of these documents are incorporated by ref- 
erence. 

In addition to monomeric amines, polymeric amines 
such as polyethyleneimines can also be used as the 35 
amino compound. A particularly desirable amino com- 
pound which can be reacted with epichlorohydrin to form 
preferred cationic polymeric adduct resins useful herein 
comprise certain polyamide-polyamines derived from 
polyatkylene polyamines and saturated C3-G10 dit>asic 40 
carboxylic acids. Epichlorohydrin/polyamide-polyamine 
adducts of this kind are water-soluble, thermosetting cat- 
ionic polymers which are well known in the art as wet 
strength resins for paper products. 

In the preparation of polyamide-polyamines used to 45 
form this preferred class of cationic polymeric resins, a 
dicarboxylic acid is first reacted with a polyalkylene- 
polyamine, preferably in aqueous solution, under condi- 
tions such as to produce a water-soluble, long chain 
pofyamide containing the recurring groups - 50 
NH(CnH2nHN)x-CORGO- where n and x are each 2 or 
more and R is the CI to C8 alkylene group of the dicar- 
tx)xyfic acid. 

A variety of polyalkylene polyamines including poly- 
ethylene polyamines. polypropylene polyamines. poly- ss 
butylene polyamines and so on can be employed to 
prepare the polyamide-polyamine. of which the polyeth- 
ylene polyamines represent an economically preferred 
class. More specifically, prefen-ed polyalkylene 



polyamines used to prepare the cationic polymeric resins 
herein are polyamines containing two prirrary amine 
groups and at least one secondary amine group in which 
the nitrogen atoms are linked together by groups of the 
formula -CnH2n- where n is a small integer greater than 
unity and the number of such groups in the molecule 
ranges from two up to atxMJt eight and preferably up to 
about four. The nitrogen atoms can be attached to adja- 
cent cartxjn atoms in the group -GnH2n- or to cart>on 
atoms further apart, but not to the same cartx^n atom. 
Also contemplated is the use of such polyamines as 
diethylenetriamine. triethylene tetramine, tetraethyl- 
enepentamine. dipropylenetriamine, and the like, which 
can be obtained in reasonably pure form. Of all the fore- 
going, the most preferred are the polyethylene 
polyamines containing from two to four ethylene groups, 
two prinrary amine groups, and from one to three sec- 
ondary amine groups. 

Also contemplated for use herein are polyamine pre- 
cursor materials containing at least three amino groups 
with at least one of these groups being a tertiary amino 
group. Suitable polyamines of this type include methyl 
bis(3-aminopropyl)amine, methyl bls(2-aminoe- 
thyl)amine, N-(2-aminoethyl) piperazine. 4. 7-dimethyl- 
trrethylenetetramine and the like. 

The dicarboxylic adds which can be reacted with the 
foregoing polyamines to form the polyamide-polyannine 
precursors of the preferred cationic polymeric resins 
useful herein comprise the saturated aliphatic C3-C10 
dicarboxylic acids. More prefen-ed are those containing 
from 3 to 8 carbon atonre, such as malonic, succinic, glu- 
taric, adipic, and so on, together with diglycolic acid. Of 
these, diglycolic acid and the saturated aliphatic dicar- 
boxylic acids having from 4 to 6 cartx)n atoms in the mol- 
ecule, namely, succinic, glutaric and adipic are most 
preferred. Blends of two or more of these dicartx>xylic 
adds can also be used, as well as blends of one or more 
of these with higher saturated aliphatic dicartK>xylic acids 
such as azelaic and sebacic. as long as the resulting long 
chain polyamide-polyamine is water-solut>le or at least 
water-dispersS^le. 

The polyamide-polyamine materials prepared from 
the foregoing polyamines and dicartx>xylic adds are 
reacted with epichlorohydrin to form the cationic poly- 
meric amino-epichlorohydrin resins preferred for use 
herein as the crosslinking agent. Preparation of such 
materials is describe in greater detail in U.S. patent 
2,926.1 16 (Keim), issued February 23. 1960. U.S. patent 
2,926,154 (Keim). issued February 23, 1960. and U.S. 
patent 3.332.901 (Keim). issued July 25. 1967. all of 
which are incorporated by reference. 

The cationic polyamide-polyamine-epichlorohydrin 
resins preferred for use herein as crosslinking agents are 
commercially marketed by Hercules Inc. under the trade 
name Kymene® . Especially useful are Kymene® 557H. 
Kymene® 557LX and Kymene® 557 Plus, which are the 
epichlorohydrin adducts of polyamidepolyamines which 
are the reaction products of diethylenetriamine and adi- 
pic acid. They are typically marketed in the form of ague- 
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ous solutions of the cationic resin material containing 
from about 10% to about 33% by weight o1 the resin 
active. 

Substrate laver s 

The substrate layer provides a variety of functions. 
Primarily, it serves as a supporting means for the precur- 
sor particles 2. It can also serve as a distributing means 
for improving the distribution of applied liquids to be io 
absorbed into the absorbent composite structure. Pref- 
erably, the liquid distribution properties of the substrate 
layer 3 are substantially greater than those of the precur- 
sor particles 2, such that the absorbent composite struc- 
ture has improved liquid distribution properties relative 75 
to the layer of precursor particles 2 alone. In preferred 
embodiments, the substrate layer 3 comprises a plurality 
of capillary elements having a length, preferably 
arranged substantially in parallel, for improving the dis- 
tribution of the liquid along the lengths thereof. 20 

The substrate is preferably one which has excellent 
wet strength, and can impart improved wet strength and 
wet integrity to the absorbent composite structure; that 
is, the substrate is effective as a supporting means after 
the precursor particles 2 and the substrate itself have 25 
become wet with liquid. Support for the bonded gelling 
particles is needed especially in this situation, where the 
gelling particles begin to swell after absorbing liquid. 
Such support is especially important when the absorbent 
composite is used in an absorbent article such as a dia- 30 
per or catamenial product where external forces can also 
act upon the structure to cause precursor particles that 
are not firmly attached to the substrate to become 
detached. 

The substrate layer can be selected from various 35 
materials known in the art such as cellulose ftoers, non- 
woven webs, tissue webs, foams, polyacrylate fibers, 
apertured polymeric webs, synthetic fibers, metallic foils, 
elastomers, and the like. Most such substrates can serve 
both as a distributing means and a supporting means for 40 
the absorbent macrostructure layer. Preferably, the sub- 
strate layer is comprised of cellutosic material or a mate- 
rial having cellulosic functionality. Preferred suk>strates 
for use as a fluid distributing means can be selected from 
cellulosic materials, fbrous webs, cellulosic fibrous 45 
webs, solid foams, cellulosic foams, and polyvinyl alco- 
hol foams. Preferred substrates for use as a supporting 
means can be selected from cellulosic materials, fibrous 
webs, nonwoven webs, fabrics, cellulosic fibrous webs, 
solid foams, cellulosic foams, and polyvinyl alcohol so 
foams. 

The substrate layer is preferably flexible and pliable 
to encourage such properties in the resulting absortient 
composite. A substrate layer can be substantially resil- 
ient and non-stretchable. or it can be stretchable or ss 
defornnable to a varying extent in response to forces 
exerted normal to and in the plane of the surface of the 
substrate. 



The thckness and basis weight (weight per unit area 
of substrate) of a substrate material will vary depending 
on the type of substrate and the desired properties. A 
substrate can also comprises a plurality of individual 
sheets, or plies, of a particular substrate material, or a 
combination of one or more substrate layers in a lami- 
nate. As a typical substrate, a Bounty® sheet has a thick- 
ness of from about 0.02 mm to about 1 .2 mm, more 
preferably from about 0.3 mm to about 0.8 mm. and a 
t>asis weight of from about 5 gnVm^ to about 1 00 gnn/rn^, 
more preferably from about 1 0 gm/m^ to about 60 gm/nn2. 
and most preferably from about 15 gm/m2 to about 40 
gm/m2. As another typical substrate, a cellulose foam 
has a dry compressed thickness of from about 0.5 mm 
to about 3.0 mm, more preferably from about 0.8 mm to 
about 2.0 mm, a wet expanded thickness of from about 
0.8 mm to about 6.0 mm. more preferably from about 1 .0 
mm to about 5.0 mm, and a basis weight off from about 
50 gm/m2 to about 2,000 gm/mz. more preferably from 
about 100 gm/m2 to about 1 .000 gm/mz. 

Substrates for use as support means typically have 
a dry tensile strength of from abouX 500 gm/in to about 
8,000 gm/in, though more preferably from about 1,000 
gm/in to about 3,000 gm/in. a wet tensile strength of from 
atx)ut 200 gm/in to about 5.000 gnri/in, though nnore pref- 
erably from atxsut 400 gnn/in to about 1 ,000 gm/in. and 
a wet burst strength of from about 1 0Ogm to about 2.000 
gm. though more preferably from about 200 gm to about 
1,000 gm. 

In preferred embodiments, the substrate layer com- 
prises a cellulosic fibrous web such as paper toweling 
and paper tissue. Examples of such cellulosic fibrous 
webs are disclosed in U.S. patent 3,953.638, issued April 
27, 1976. U.S. Patent 4,469.735. issued Sept. 4. 1984, 
U.S. patent 4.468,428, issued Aug. 28. 1984, and U.S. 
patent 4,986,882. issued Jan. 22, 1991, all herein incor- 
porated by reference. A preferred example of such is 
Bounty® paper towel, commercially marketed in the U.S. 
by The Procter & Gamble Company. Another preferred 
example of such is Kinocloth® paper tissue, commer- 
daily marketed in the U.S. and Japan by Honshu Paper 
Co., Ltd.. Bounty® and Kinocloth® are hydrophilic and 
have good distribution and wicking properties, as well as 
good wet integrity. 

In another preferred embodiment, the substrate 
layer comprises a cellulosic foam. In general, a cellulosic 
foam will provide a higher liquid wicking rate over a longer 
wicking distance than a cellulosic fibrous web. Prefera- 
bly, the cellulosic foam is in a compressed state so as to 
further improve its wicking and fluid distribution proper- 
ties. Suitable cellulose foam can be made of regenerated 
rayon fibers by well-known methods, such as those dis- 
closed in European patent application EP-A-293,208. 
Such cellulose foams have numerous small cells, the 
size of which affect the capillarity and absorptivity of the 
foam. The cellulose foam layer will ordinarily, and prefer- 
ably, expand when wet. A preferred cellulosic foam is one 
which has been compressed in the dry state prior to use. 
The average pore size of the cellulose foam layer can be 
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determined by the compression. In preferred embodi- 
ments, the average pore size of the cellulose foam layer, 
as measured in the dry state after any compression, is 
from about 1 micron to about 1000 microns, preferably 
from about 1 micron to atx)ut 200 microns, more prefer- 5 
ably from about 5 microns to about 70 microns. A pre- 
ferred compressed cellulose foam layer has a density of 
from about 0.1 g/cc (about 0.05 g/in3) to about 0.8 g/cc 
(about 0.41 g/irP) and has a conpressed thickness (rn 
sheet form) of from about 2 mm to atx^ut 5 mm. In gen- 10 
era!, better widdng properties can be obtained by using 
a foam layer having a higher density, or a smaller pore 
size. When such compressed cellulose foam layer con- 
tacts with liquids, the pore size of the foam begins to 
expand whereby the thickness of the foam layer become 15 
increased. 

Absorbent foam substrates, particularly com- 
pressed cellulose foam substrates, are highly preferred 
substrates in the absorberrt composites of the present 
invention. In addition to having excellent dry and wet 20 
strength and integrity, cellulose foam substrates, spedf- 
ically in the form of sheets, have excellent capillarity and 
fluid wicking properties. When liquid such as water or 
body exudate is deposited onto the surface of an absorb- 
ent conposite comprising a foam cellulose substrate the 25 
liquid passing through the layer of hydrogel-forming par- 
ticles and into the cellulose foam substrate is distributed 
quickly outward toward dry foam areas in cellulose foam 
layer due to its capillary suction. That is. as the cellulose 
foam absorbs water or aqueous liquids, the cellulose 30 
foam celt structure begins to expand. Since the dry foam 
areas have a cell structures which are still compressed 
and which are smaller than the cells of the wetted areas, 
fluids readily wick into the dry foam areas. Such cellulose 
foam substrates are characterized by excellent fluid 35 
wicking and distribution. Specifically, such cellulose foam 
substrates have fast wicking ratio or speed (for example, 
up to at least 12 cm wicking distance in 4 minutes in a 
vertical wicking test) and long wicking distance capability 
(tor example, from about 20 cm to about 30 cm in tiie first 40 
one hour in a vertical wicking test). 

In yet another embodiment, the substrate layer can 
be a cellulose foam sut>strate formed by depositing cel- 
lulose foam particles ( or granules). The cellulose foam 
particles have an average volume of at least about 0.1 45 
mm3. preferably from about 1 .0 mm3 to about 125 mnr>3. 
Preferably, the cellulose foam particles are deposited 
and compacted on an absorbent macrostructure layer. 

A cellulose foam substrate is particular preferred 
when using the absorbent composite of the present so 
invention in an absorbent catamenial article. When blood 
is deposited onto a cellulose foam substrate lay^ of an 
absoibent composite, the cellulose foam substrate can 
serve to acquire the blood, filter aggregates from the 
blood, and distribute the remaining liquid portion of the ss 
blood to the absorbent macrostructure layer below. The 
cellulose foam sut>strate may be provided with a plurality 
of slits in Increase its flexibility. 



In yet another preferred emtDodiment, the substrate 
layer comprises a compressed or non-compressed pol- 
yvinyl alcohol foam. In general, such foam preferably has 
properties and structure sut)Stantially as the cellulosic 
foam above. 

Bondino Between the Hydrooel-Formina Particles and 
Substrate Layer 

The bonding or interconnection between the hydro- 
gel-forming particles 2 and the substrate layer 3 is 
effected by a crosslinking agent capable of crosslinking 
the absorbent molecules of the absorbent gelling parti- 
cles 2. Any crosslinking agent which is known in the art 
and is capable of crosslinking the absort>ent nrK)lecules 
of the hydrogel-forming particles can be used as a bond- 
ing agent. A suitable crosslinking agent can be a noni- 
onic crosslinking agents described in U.S. patent 
5,102,597 (Roe et al). issued April 7. 1992. These non- 
ionic crosslinking agents include polyhydric alcohols 
(e.g.. glycerol), polyaziridine compourKls (e.g.. 2.2- 
bishydroxymethyl butanoltris[3-(1-aziridine) propion- 
ate]), haloepoxy compourKls (e.g.. epicholorhydrin), 
polyaldehyde compounds (e.g.. glutaraklehyde). 
polyamine compounds (e.g.. ethylene amine), and 
polyisocyanate compounds (e.g.. 2.4-toluene diisocy- 
anate). preferably glycerol. 

In a preferred embodiment where the suk>strate layer 
3 comprises cellulosic material or has cellulosic activity 
at least at tiie surface thereof, an amino-epichlorohydrin 
adduct is preferably used as a chemical boridtng means 
between the cellulosic substrate and the surfaces of the 
hydrogel-forming particles The amino-epichlorohydrin 
adduct can chemically bond to cartx)xyl and hydroxyl 
groups in the cellulosic material and to the polymer mate- 
rial of the absorbent precursor particles, as w^l as to 
other amino-epichlorohydrin adduct molecules. Such 
chemical tx>nding can be hydrogen bonding, ionic/cou- 
lombic bonding, polymer entanglement bonding, and 
covalent bonding. In this manner, the amino-epichloro- 
hydrin adduct can chemically bond together the sub- 
strate to tiie particles 2. The amino-epichlorohydrin 
adduct preferred for use herein as a trending agent is 
Kymene® . Especially useful are Kymene® 557H. 
Kymene® 557LX and Kymene® 557 Plus. These are the 
epichlorohydrin adducts of polyamidepolyamine, which 
is the reaction product of diethyl enetriamine and adipic 
acid. 

Figure 4 shows a composite absorbent structure 
comprising two layers 20. 22 of hydrogel-forming parti- 
cles. The particles are applied to the upper surface 23 
and lower surface 24 of the sut^strate lay©- 3. The parti- 
cles 2 in the layers 20 and 22 may be identical, but can 
a^o differ in physical and/or chemical properties. 

For instance, the particles in the upper layer 20 may 
be of relatively large particle size such as between 400 
and 800 microns, the particles in the lower layer 22 toeing 
chemically identical to tiie particles In layer 20 but being 
of smaller particle size, for instance below 250 microns. 
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The particles 2 in the lower layer 22 may be applied 
in larger basis weight than the particles in the lower layer. 
For instance the upper layer 20 may comprise a basis 
weight up to 100 g/m^, the lower layer 24 comprising a 
basis weight between 200 and 400 g/m2. Useful multi- 5 
layer structures in which the composite structure can be 
used as the top layer have been described in European 
application no. 941 11 955,4 (Bogdanski). 

Also, the degree in interparticle crosslinking 
between the particles in the lower layer may be different 10 
from the degree in interparticle crosslinking between the 
particles in the upper layer. This may be effected by 
applying a lower basis weight of hydrogel-forming parti- 
cles to the upper surface 23 of the substrate 3, or by 
application of a different concentration of inter-partide is 
crosslinking agent to the lower layer 22 of hydrogel-form- 
ing particles. 

The crosslinking agent that bonds the particles 2 to 
the substrate 3, can also effect surface crosslinking of 
the particles 2. Increased surface crosslinking of the par- 20 
tides 2 will lead to improved absorption of liquids under 
pressure (between 0.3 and 1.0 psi) but to reduced Tea- 
bag Centrifuge Capacity. A test for measuring the 
absorption under pressure and Teabag Centrifuge 
Capacity has been described in European application 25 
no. 93309614.1 . Generally, it is preferred that the hydro- 
gel-forming particles in the upper layer 20 have a high 
liquid absorption agairrst pressure, and do not easily 
deform so that an open structure is maintained. This can 
be achieved by increasing the degree of surface- 30 
crosslinking of the hydrogel-forming particles in the 
upper layer by controlling the amount of crosslinking 
agent used to bond the particles 2 to the substrate 3. 

Alternatively, the chemical properties of the hydro- 
gel-forming materials may be different, such that the 35 
upper layer comprises absorbent gelling materials of rel- 
atively slow speed and the lower layer comprises fast 
absorbing particles. 

Preferably, the hydrogel-forming partides of the 
upper layer of an absorbent core should be relatively per- 40 
meable and maintain an open structure, whereas the 
hydrogel-forming partides in the lower layers of an 
absorbent core may be less permeable. 

Figure 5 shows an embodiment in which a layer 26 
of hydrogel-forming particles is sandwiched between two 45 
substrate layers 27,28. The crosslink bonds 9 connecting 
the particles 2 of each layer 27,28 to the substrate layers 
27,28 hold the combined layers 26.27 28 together such 
that an integrated structure is formed. An advantage of 
such a structure is thiat a pre-formed absorption body is so 
formed which can, due to its flexibility, be stored on a roll, 
the layer 26 being protected by both layers 27,28 from 
becoming detached by chaffing, abrasion or mechanical 
impact. 

Figure 6 shows an embodiment in which the sub- ss 
strate in specific areas 29 is not covered with hydrogel- 
forming particles 2, such that a window is formed through 
which liquids can enter into the substrate 3 and be trans- 
ported within the substrate 3 across the lower layer 30. 



Figure 7 shows an integrated multilayer structure 
comprising two layers of hydrogel-forming particles 
26,26' sandwiched between three substrate layers 
27,28.31. 

Multilayer core comorisinQ a comoosite absorbent struc- 
ture as ^n upper layer 

Figure 8 shows an embodiment of an absort>ent core 
33 comprising a multilayer structure in which the absorb- 
ent composite structure 35 is comprised and forms the 
second and third layer from the top of the core 33. 

It is thought that the combination of materials and 
layers as shown in figure 8, provides a useful optimisa- 
tion of the functionalities of the materials. In particular, it 
is thought to allow saturation of the hydrogel-forming 
material first in the region 37 of the core 33 furthest away 
from the wearer's body and then gradually doser to the 
wearer's body until the core has reached its maximum 
capacity. This is achieved by providing an upper assem- 
bly or structure 34,36 which acts initially as an acquisi- 
tion/distribution structure and that is relatively permeable 
to body discharges. The discharges therefore pass rel- 
atively quickly through the first layer 34 of superabsorb- 
ent. and into the lower assembly 37,39 which acts as a 
storage reservoir and also effects further distribution in 
layer 39. By preferentially arranging the second hydro- 
gel-forming material 37 in the lower part 37 of the lower 
assembly 37,39, so that the upper part 39 has a low. pref- 
erably a zero concentration of hydrogel-forming material, 
void space is provided in the lower assembly that can 
promote the storage capacity of that assembly. By using 
second hydrogel-forming material 37 having an Absorp- 
tion Against Pressure value of at least 1 5 g/g at 50 g/cnt^ 
pressure, good storage retention is achieved. 

Liquid that is not adequately absorbed into the sec- 
ond hydrogel-forming material 37 can subsequently be 
absort>ed In the first hydrogel-forming material 34. The 
provision of this material as a layer beneath the acquisi- 
tion layer 36 has the advantage that this first hydrogel- 
forming material 34 acts to dry out the acquisition layer 
36 as to minimise rewet and to improve skin dryness. 

In order to achieve the desired performance charac- 
teristics it is necessary to select appropriate combina- 
tions of various materials in the core, as well as their 
amounts. The following description refers to suitatDle 
materials and by subjecting appropriate test articles 
made from them to the specified tests, and modifying the 
articles when necessary to achieve the required test 
results, cores according to the invention can be 
achieved. 

For Instance to achieve the above described fluid 
handling advantages the first assembly 34,36 should be 
suffidently open, or permeable, relative to the secorKi 
structure 37.39 to allow quick passage of body dis- 
charges through the first structure and into tiie second 
structure. However, tiie first structure 34. 36 should not 
be too open as this could lead to a higher risk of gel- 
blocking of the hydrogel-forming material 37 in ttie sec- 
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ond structure, thereby under-utilising the atDSorfc»ent 
capacity in that structure. A balance should be struck. 

Upper A^emiply 

This connprises the acquisition layer 36 and a layer 
34 of first hydrogel-forming particles. 

The acquisition layer 36 is the upper effective layer 
of the absorberrt core or other body (excluding any tissue 
or topsheet if present). It is generally substantially free 
of hydrogel-forming materiaL If hydrogel-forming mate- 
rial is included, the amount should be kept low (for 
instance as in W091/1 11 63) but preferably the layer Is 
wholly free of hydrogel-forming material, at least in the 
upper half, and generally throughout most or all of its 
thickness. The layer may be of foam or other suitable 
porous or capillary material but is usually formed of first 
fibrous material. 

Suitable materials and properties of this upper layer, 
and methods of making it. are described in W091/1 1 163. 

This upper layer 36 preferably has a Wet Compress- 
ibility of at least about 5cm3/g and a Drip Capacity of at 
least 10g/g. Fibrous material of the defined Wet Com- 
pressibility and the defined drip capacity maintains its 
openness, or void volume, when wetted by, for example, 
urine. The provision of such a permanently open fibrous 
layer having a high drip capacity in the core means that 
not only does the core acquire body discharges, such as 
urine, rapidly, but the layer also has the potential to trans- 
fer these discharges into the subjacent structure of first 
particulate hydrogel-forming material relatively quickly. 

The first fibrous material can be any fibrous material 
that has a suitable resistance to load when wet, i.e. is 
able to maintain satisfactory void volume under such 
conditions and this is defined herein as Wet Compress- 
ibility which is measured by the Wet Compressibility test 
described in detail in European patent application no. 
93309614.1 

The "Wet Compressibility", or void volume per gram 
of wetted fibrous material under a 77,5gcm~2 psi) 
load, of the first fibrous material is preferably at least 
5cm3g"i. preferably at least 6cm3g~i ^ and most prefer- 
atily at least 6.5cm3g~''. e.g.. up to 8 or even 10cm3g"i 
or more. 

The first fibrous material preferably has a "Drip 
Capacity" of at least 10ml g~^ preferably at least 15ml 
g""* . and most preferably at least 20ml g"^ . e.g., up to 25 
or even 30ml . The "Drip Capacity" is a measure of 
the ability of a fibre matrix to receive synthetic urine at a 
loading point, transfer it away from that point and then 
hold it within the matrix. The "Drip Capacity" is measured 
by the Drip Capacity Test described in detail In European 
patent application no. 93309614.1 

Suitat>le first fibrous material can comprise chemi- 
cally stiffened cellulosic fibres, generally in an amount of 
50 to 100% by weight of the first fibrous material and 0 
to 50% by weight other fibres such as non-stiffened cel- 
lulose fibres and synthetic fibres. Pref en-ed chemically 
stiffened cellulosic fibres are stiffened, twisted, curled 



cellulosic fibres which can t)e produced by internally 
cross-linking cellulose fibres with a cross-linking agent. 
The types of stiffened, twisted, curled cellulosic fibres 
useful as the hydrophilic fibre material of the absorbent 

5 structures descrtoed herein are described in greater 
detail in the following patents: U.S. patent 4.822,453 enti- 
tled "Absorbent Structure Containing Individualised 
Cross-linked Rbres". Issued to Dean et al. on April 18, 
1989: U.S. patent 4,888.093 entitled "Individualised, 
10 Cross-linked Fibres ArxJ Process For Making Said 
Fibres", issued to Dean et al. on December 19. 1989; 
U.S. patent 4.889.595 entitled "Process For Making Indi- 
vidualised. Cross-linked Fibres Having Reduced Resid- 
uals And Fibres Thereof. Issued to Herron et al. on 

75 December 26. 1989; U.S. patent 4.889.596 entitled 
"Process for Making Individualised Cross-linked Fibres 
and Thereof", issued to Schoggen et al. on December 
26. 1989; U.S. patent 4.889.597 entitled "Process For 
Making Wet-Laid Structures Containing Individualised 

20 Stiffened Fibres", issued to Bourtton et al. on December 
26, 1989; and U.S. patent 4.898.642 entitled "Twisted, 
Chemically Stiffened Cellulosic Fibres And Absorbent 
Structures Made Therefrom", issued to Moore et al. on 
February 5. 1990. 

25 Instead of using stiffened cellulosic fbres, it is also 
possible to formulate the layer from synthetic polymer 
f tores, or mixtures of synthetic and natural fibres. Suita- 
ble f tores are polyethylene, polypropylene, viscose and 
rayon fibres, and bi-component fibres of these materials, 

30 mixed with airfelt. cellulose, modified cellulose (as 
atx>ve) or other natural ftores. Typically such a mixture 
will have at least about 5% synthetic ftores, and prefer- 
ably at least about 1 0% synthetic fibres. The first f torous 
material layer is generally formed t>y air laying the 

35 desired fibres during or prior to the production of the 
at)sorbent core, but if desired a preformed non-woven or 
a wet or air laid or other fibrous material can be used. 
The layer 36 may also be conpletely or partly formed by 
an at>sorbent foam material. 

40 The hydrogel-forming layer 34 consisting mainly of 
first hydrogel-forming material may be crosslinked to the 
lower part of the acquisition layer 36. but preferably is 
attached to a tissue layer, which tissue layer may be a 
separate layer, or may preferably be formed by layer 39. 

45 ft is important that this layer 34 consisting mainly of 
first hydrogel-forming material should allow urine, men- 
strual fluids or other body discharges that are rapidly 
acquired by and distributed by the first ftorous layer to 
pass rapidly through and be distributed beyond the layer 

50 of first hydrogel-forming material without significant 
blockage by that layer. 

The amount of the first hydrogel-formirrg material 
should be sufficient to provide at least a substantially 
overall layer of hydrogel-forming material when swollen 

55 by absorption of urine in use. kxjt a window as shown in 
figure 6 may be provided. The hydrogel-forming material 
is usually in particulate form and it Is usually necessary 
for it to be present in an amount of at least about 20g/m2, 
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Generally the layer should not be too thick and normally 
the amount is below 100 g/m2. 

Lower Assembly 

The lower layers 37. 39 serve as a storage and redis- 
tribution assembly and includes an upper, usually 
fibrous, layer 39 and a layer of second hydrogel-forming 
material 37. 

The upper layer 39 in the lower assembly is generally 
fibrous but can be formed of foam or other suitable cap- 
illary or porous material. It provides void space for stor- 
age of liquid. The f torous or other material of this layer 
can add an extra stage of control to the absorption profile 
of the absorbent body of the invention. For instance it 
may slow down the passage of body discharges as they 
leave the first hydrogel-forming layer and prior to them 
reaching the second hydrogel-forming layer material. 
This may minimise the chances of gel-blocking occurring 
in the second hydrogel-forming material, and this can be 
particularly useful in those embodiments where the sec- 
ond hydrogel-forming material has faster absorption 
kinetics and so tends to be more sensitive to this phe- 
nomenon. 

The second fibrous material of layer 39 may com- 
prise fibrous material of any conventional type. The 
fibrous material can be airfelt, a mixture of natural and 
synthetic fibres, chemically cross-linked cellulose fibre 
or any other known fibrous material commonly used in 
absorbent cores of absorbent articles. If desired it may 
include some fibres of the same type as the first fibrous 
material. The layer 39 may also be completely or partly 
formed by an absorbent foam material. 

Each fibrous layer may add integrity and may also 
add softness to the absorbent core. 

The layer 39 may be substantially or wholly free of 
hydrogel-forming material and thus may be an air felt or 
other f itwous or storage layer formed in the absence of 
hydrogel-forming material. 

The lower layer can then be a separately formed 
layer comprising second hydrogel-forming material. The 
layer 39 may be a blend with fibres or may consist mainly 
of the hydrogel-forming material. As shown in Rgure 8 
the layer 37 may be comprised of an interparticle cross- 
linked aggregate as described in US patent 5.102.597 
(Roe) or US application no. 08/142 258 (Hsueh). 

However it is often desirable for the layers 37. 39 to 
be formed as in EP-A-198 683 (Duenk), wherein the lay- 
ers are provided by a continuous air laid fibrous matrix 
wherein more than half by weight, and usually at least 
70% by weight, of the hydrogel-forming material is com- 
prised in the lower half of the thickness of the fibrous 
matrix. In this case for instance 70 to 100%, often 70 or 
75 to 90 or 95% by weight of the second hydrogel-form- 
ing material is in the lower 50% of the thickness of the 
fibrous matrix. There can be some, for instance 5% to 
10% or sometimes up to 30%, of the second hydrogel- 
forming material in the upper half of the thickness of the 
fibrous matrix as described in EP-A-198 683. 



Generally the layers 37. 39 are provided by air laying 
a blend of appropriate wood pulp or other hydrophilic 
fibres for instance on to a conventional air laying drum 
or other receiving surface. The distribution of hydrogel- 
5 forming material through tiie thickness of layers 37, 39 
can be achieved by appropriate selection of the distribu- 
tion of hydrogel-forming material into the ^ream of fibers 
being carried down on to tiie receiving surface, for 
instance as described in EP-A-198 683, or by injecting 
10 or otherwise distributing the hydrogel-forming particles 
the air laid matrix as it is formed on the receiving surface. 

When air laying such a matrix, it is generally desir- 
able additionally to provide a f ber layer 38 substantially 
free of hydrogel-forming material which is air lak:! with 
IS and beneath the layer 37. Instead of or in addition to this 
a layer 38 of separately formed tissue or other fibrous 
material may be provided in this position. 

Typically the amount of second hydrogel-forming 
material is 30 to 95%. preferably 45 to 75%, by weight of 
20 the upper and lower layers 37, 39. Its total basis weight 
is typically in tiie range 100 to 2000g/m2. 

Superabsorb ent Materials 

25 One suitable definition of first hydrogel-forming 
material which can be included in useful amounts in that 
layer is the Gel Layer Permeability value (GLP) meas- 
ured by tiie GLP test described in European patent appli- 
cation no. 93309614.1. The first hydrogel-forming 

30 material in layer 34 should generally have a GLP value 
of at least 6. preferably at least 9, for instance more than 
15 and up to 150 x 10"7 cm3 s/g or more. 

The objective of the Gel Layer Permeability (GLP) 
test is to determine the saline flow conductivity of the gel 

35 layer formed from a dispersible Hydrogel-forming parti- 
cles that is swollen in Jayco synthetic urine under a con- 
fining pressure. The flow conductivity provides a 
measure of the ability of the gel layer formed from a swol- 
len Hydrogel-forming particles to acquire and distribute 

40 fluid during use in an absortjent struaure. Darcy*s law 
and steady-state flow methods are used for measuring 
gel-layer permeability and determining saline ftow con- 
ductivity. (See, for example. "Absorbency", ed. by RK. 
Chatterjee, Elsevier. 1985, Pages 42-43 and "Chemical 

45 Engineering Vol. II, Third Edition. J.M. Coulson and J.F. 
Richardson, Pergamon Press, 1978, Pages 125-127,) 

The gel layer used for permeability measurements 
is formed by swelling Hydrogel-forming particles in Jayco 
synthetic urine for a time period of 60 minutes. The gel 

so layer is formed and its flow conductivity measured in a 
piston/cylinder apparatus under a mechanical confining 
pressure of 0.3psi. The bottom of tiie cylinder is faced 
with a No 400 mesh screen to retain dry-swollen Hydro- 
gel-forming particles and permit absorption and z-direc- 

55 tion transport of urine. The piston is permeable to fluid. 
Flow conductivity is measured using a 0-118M NaCI 
solution. For an Hydrogel-forming particles whose 
uptake of Jayco synthetic urine versus time has substan- 
tially levelled off. this concentration of ^4aCI has been 
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found to maintain the thickness of the gel layer substan- 
tially constant during the permeability measuremerrt. For 
some Hydrogel-forming particles, small changes in gel- 
layer thickness can occur as a resutt of Hydrogel-forming 
partides swelling. Hydrogel-forming particles deswell- 5 
ing, and/or changes in gel-layer porosity. A constant 
hydrostatic pressure of 4920 dyne/cm2 (5cm of 0.1 18M 
NaCI]. above the gel layer, is used for the measurement. 

Row rate is determined by measuring the quantity 
of solution flowing through the gel layer as a function of 10 
time. Flow rate may vary over the duration of the exper- 
iment. Reasons for flow-rate variation include changes 
in the thickness of the gel layer and changes in the vis- 
cosity of interstitial fluid, as the fluid initially present in 
interstitial voids (which, for example, can contain dis- is 
solved extractable polymer) is replaced with NaCI solu- 
tion. If flow rate is time dependent, then the initial flow 
rate, typically obtained by extrapolating the measured 
flow rates to zero time, is used to calculate flow conduc- 
tivity. The saline flow conductivity is calculated from the 20 
initial flow rate, dimensions of the gel bed. and hydro- 
static pressure. For systems where the flow rate is sub- 
stantially constant, a gel-layer permeability coefficient 
can be calculated from the saline flow conductivity and 
the viscosity of the NaCI solution. 2S 

Another way of defining useful materials is in terms 
of the Dynamic Swelling Rate. Suitable materials have a 
substantially non-decreasing Dynamic Swelling Rate. 

The Dynamic Swelling Rate of a hydrogel-forming 
material is a measure of the uniaxial swelling of the 30 
hydrogel-forming material in a test tube as synthetic 
urine is added to it as a function of time. The test method 
used to measure the dynamic swelling rate is called the 
Dynamic Swelling Rale Test, and is described European 
patent application no. 93309614.1. By saying that the 35 
Swelling Rate is substantially is substantially non- 
decreasing, rt is meant that the relative deviation of the 
Swelling Rates should be less than 50%, preferably less 
than 25%, more preferably less than 1 0% and most pref- 
erably less than or equal to zero percent. 40 

The first hydrogel-forming material in layer 34 gen- 
erally has Absorption Against Pressure value of at least 
15, and generally at least 20. g/g at 50g/cm2. The Per- 
formance Under Pressure value is generally more tiian 
20g/g and preferably more than 30g/g. Methods for 45 
measuring the Performance Under Pressure values and 
Absorption Against Pressure values have been 
described in European application no. 93309614.1 

The hydrogel-forming material in layer 37 should 
have an Absorption Against Pressure of at least 15, and so 
preferably at least 20. g/g at 50g/cm2 (0.7psi) pressure, 
The Performance Under Pressure value is generally 
more than 20g/g and preferably more than 30g/g. 

Useful results can be obtained when the same mate- 
rial is used in the layers 34 arKt 37, in which event the ss 
first hydrogel-forming material 34 will have the same 
Absorption Against Pressure value as the second mate- 
ria) in lower layer 37. However different materials can be 
used and in order to optimise performance in some 



respects, and in particular to obtain greater control in the 
flow and absorption of urine and other fluid discharges 
within the core, it can t>e preferred for the hydrogel-form- 
ing material in layer 37 to have ak^sorption kinetics which 
are faster than those of the material in the first layer 34. 
This is measured in terms of the Dynamic Swelling Rate 
of each of the hydrogel-forming materials, wherein the 
dynamic swelling rate of the first hydrogel-forming mate- 
rial in layer 34 is prefereit>ly not greater tiian 2/3. and pref- 
erably not greater than 1/3. of that of the hydrogel- 
forming nrraterial in layer 37. The alternative way of defin- 
ing this difference is to say that the Dynamic Swelling 
Rate of the hydrogel-forming material in the lower layer 
37 is preferably at least 1 .5 times, and most preferably 
at least 3 times, the Dynamic Swelling Rate of the first 
hydrogel-forming material upper layer 34. 

K is desirable, especially when the hydrogel-forming 
material in layer 37 has faster absorption kinetics, for it 
to have a Dynamic Swelling Rate of at least 0.2 grams 
urine per second per gram of hydrogel-forming material 
(g g"i s"!). Preferably the Dynamic Swelling Rate of the 
hydrogel-forming material in layer 37 is at least 0.3 g g~i 
s"i and it can be up to, for instance. 0.6 or even 1g/g/s. 

The hydrogel-forming materials in layers 34,37 may 
be of any suitable physical shape, e.g. f brous or partic- 
ulate. Preferred materials are particles that may be true 
spheres, granules, aggregates, agglomerates or irregu- 
lar shaped particles as typically produced by a grinding 
process. 

An example of hydrogel-forming materials having 
the above described properties is Favor SX (available 
from Chemische Fabrik Stockhausen GmbH, Krefeld. 
Germany). In particular, it is desirable to use as the 
hydrogel-forming nnaterial in layer 34 Favor SX. Type P. 
lot no W51776 available from Chemische Fabrik Stock- 
hausen which have a GLP value of 9x10"7cm3 sec/g. 

In one embodiment, the hydrogel-forming materials 
in tine layers 34,37 have different at>sorption kinetics, and 
In particular the hydrogel-forming material in layer 37 has 
faster absorption kinetics than the hydrogel-forming 
material in upper layer 34. for instance having a Dynamic 
Swelling Rate of at least 0.2gg"is"i and/or a Dynamic 
Swelling Rate that is preferably at least 1.5 times, and 
most preferably at least 3 times, the Dynamic Swelling 
Rate of the upper hydrogel-forming material. The provi- 
sion of this underlying, rapidly absorbing, hydrogel-form- 
ing material in lower layer 37 will have the effect of 
tending to "suck" urine through the upper assembly into 
the lower assembly. 

Pantiliner 

The composite absorbent structure as shown in Fig- 
ures 2 and 3. comprising a single tissue and a single 
layer of hydrogel-forming particles 2. is especially suita- 
ble for use as the absorbent core of a pantiliner. Pantilin- 
ers are to be used in between menstrual periods, and 
generally have a relatively low total absort>ent capacity, 
such as between 5 and 20 ml grams. The amounts of 
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hydrogel-forming particles in a typical pantiliner ranges 
between 10 and 50 g/sqm. A pantiliner generally consist 
of a topsheet. an liquid Impervious backsheet and an 
absorbent core encased between topsheet and back- 
sheet As the amounts of liquid that are to be absorbed 5 
by a pantiliner are relatively low, the impermeable back- 
sheet can optionally be omitted. A layer of panti-fasten- 
ing adhesive, applied to the garment-facing side of the 
pantiliner, provides in that case additional fluid contain- 
ment. A detailed description of a pantiliner is given in US 
patent 4.681,578. 

Thin, flexible sanrtarv napkin 

The composite absorbent structures as shown in fig- 
ures 2 to 6 and the multi-layer cores as shown in figures 
7 and 8 are suitable for forming the core of a thin, flexible 
sanitary napkin 40 as shown in figure 9 and as described 
in US patent 4,950.264. A thin, flexible sanitary napkin 
40 has a test capacity which is at least 8 g of saline solu- 
tion, and a total capacity of at least 20 g of saline solution. 
The test capacity is measured by submerging a part of 
the sanitary napkin having a surface area of 66.5 cm2 in 
a saline solution, and measuring how many grams of liq- 
uid are retained after desorption against blotter paper. 
The method for measuring the test capacity is described 
in detail in Column 13. line 44 to Column 14 line 33 of 
US patent 4,950.264. The total capacity is measured in 
the same manner as the test capacity, using the total 
sanitary napkin instead of a cut-out portion. 

The absorbent core 41 in figure 9 is formed by folding 
of an at>sorbent composite structure as shown in figure 
3. This folding process can results in a multilayer core of 
the type as shown in figure 9 wherein the top layer 42 of 
hydrogel-forming particles is a single layer and wherein 
the bottom layer 44 comprises two layers of hydrogel- 
forming particles. Furthermore, hydrogel-forming parti- 
cles of specific physical properties can be applied to the 
area 45 of the unfolded substrate 43 that corresponds to 
the top layer 42 and which comprises about 1/3 of the 
width of the substrate. To the area corresponding to the 
unfolded lower layers 47.49 of the substrate 41, which 
comprises atraut 2/3 of the width of sutrstrate, hydrogel- 
forming particles of different type can be applied, such 
that for instance the GLP-values as described above are 
obtained. 

Alternatively the core of the sanitary napkin com- 
prises an unfolded structure as shown in figure 3. 

A thin, flexible sanitary napkins generally comprise 
a basis weight of hydrogel-forming particles of about 50 
g/m2. Higher basis weights may be obtained by stacking 
of a number of absorbent composite structures as shown 
in figure 3. or by folding of a single composite structure. 
The sanitary napkin 40 can comprise a wet laid tissue 
superimposed on the core 41 , a topsheet 50 in the form 
of an apertured formed plastic film, and a flexible poly- 
ethylene backsheet 51 of caliper between 12 and 51 
micrometers. The total caliper of the sanitary napkin 40 
is less than 5 mm, preferatjiy less than 3 mm. 



32 

The composite absorbent structures according to 
the invention are especially useful in a thin sanitary nap- 
kin of the above kind, as the flexibility of the absorbent 
composite structures according to the invention is high 
and allows formation of sanitary napkins having a flexure 
resistance of less than 300 grams. 

The flexure resistance is measured by the peak 
bending stiffness in a modified ASTM D 4032-82 Circular 
Bend Procedure, in which deformation of the material 
under test takes place in a way that one face of the mate- 
rial becomes convex, the other face becoming concave. 
The modified Circular Bend Procedure gives a force 
value related to flexure-resistance, simultaneously aver- 
aging stiffness in all direction. The above procedure is 
described in detail in US patent 4.950,264 on Column 10 
line 55 to Column 12 line 16. 

Alternatively the flexibility of absort»ent structures 
can be expressed in gramforce.cm as measured in a 
tending test as set out below. 

In the following test, the flexibility of an absorbent 
composite structure comprising a substrate and varying 
basis weights of hydrogel-forming material is measured. 
The results are graphically depicted in figure 10. The 
hydrogel-forming material used in the present test is pro- 
duced by Nippon Shokubai Co. under the trade name 
Acqualic L76lf. which was bonded to the substrate by 
application of a solution comprising 10% by weight of 
Kymene® 557 Plus. 40% by weight of glycerol and 50% 
by weight of water. 

In the test a 1 inch x 3 inch sample is placed into a 
PURE BENDING TESTER, with serial number KES- 
FB2. made by KATO Tech. Co.. LTD,: Nihonseimie Kyoto 
Santetsu BIdg. 3F. 608-9 Higashishiokoji-cho. Shiokoji 
Agaru, Nishinotoindohri Shimogyoku, Kyoto. Japan. The 
sample is bent by 180'', returned to its original position, 
and is then bent in the opposite direction by 180**. The 
force needed to bend the sample and the relaxation of 
the sample are measured by a computer and are 
recorded for a total of four bends in each direction. The 
average slope of the hysteresis curve in the first and third 
quadrants is recorded. The bending modulus of the sam- 
ple corresponds to the slope of the hysteresis curve and 
is expressed in gramforce.cm^/cm. During the test the 
air humidity was 50 % and the temperature 73 ''F. 

The substrate of the absorbent composite structure 
is a Bounty® tissue produced by The Procter & Gamtjie 
Company. 

The flexibility of the Bounty® substrate tissue was 
0.17 gramf6rce.cm2/cm. From figure 10 it can be seen 
that the flexibility of the absorbent composite structure 
remains close to the flexibility of the substrate tissue for 
basis weights up to about 100 gcm"2. and increases for 
higher basis weights. An explanation for this is that for 
higher basis weights, the hydrogel-forming particles 
t>ecome attached to one another by interpartide 
aosslinked bonds such that macroscopic interpartide 
aosslinked aggregates are formed. 
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Further embodiments 

Rgures 11 to 14 show a top view of a composite 
absoibent structure 4 in which the hydrogel-forming par- 
ticles are applied onto the substrate 3 in patterns of var- s 
ying basis weights. In figure 11a central longitudinal 
channel 52 \s formed for promoting liquid transport in the 
longitudinal direction. In figure 12a central window 53 is 
formed for receiving gushes of liquids, while maintaining 
absorption in the peripheral areas of the composite w 
structure. In figure 13, the concentration of hydrogel- 
forming particles increases from the central area 55 of 
the absorbent structure to the middle area 56 and the 
side margin 57. In figure 1 4. a number of parallel stripes 
58 of hydrogel-forming particles are formed by which Ion- i5 
gitudinal liquid flow Is promoted. These structures can 
be formed by applying a crosslinking agent only to 
selected areas of the substrate or by varying the amount 
of the crosslinking agent applied, and uniformly distrib- 
uting the hydrogel-forming particles onto the substrate. 20 
The areas in which no hydrogel-forming particles are to 
be bonded to the substrate can for instance be shielded 
by using a mask between the spray nozzle and the sub- 
strate. This is desaibed in detail in co-pending European 
application no. (attorney docket ROI 833). filed by the 2S 
Applicant. Alternatively, a crosslinking agent can be 
homogeneously applied, the hydrogel-forming particles 
being laid down on the substrate in a pattern of varying 
basis weight. 

Figure 15 shows a perspective view of an emlxxli- 30 
ment in which a pattern of holes 61 is left open in the 
layer 60 of hydrogel-forming particles that covers the 
substrate 3. In the emtxxliment of figure 16. holes 63 
have been cut through the hydrogel-forming layer 60 and 
the substrate 3 to provide further flexibility and to improve 35 
liquid transmissive properties of the connposite absorb- 
ent structure. 

In figure 17. an alternative embodiment is shown in 
which extensibility is imparted to the substrate 3 by pass- 
ing it through intermeshing corrugated members, also 40 
referred to as "ringrolling". as described in detail in Inter- 
national patent application WO 92/15445 and in US pat- 
ent no's 5,156,793 and US 5.143.679. The advantage 
of the composite absorbent structure according to the 
invention is that the upper layer 60 of hydrogel-forming 45 
particles 2 is not substantially damaged by the ringrolling 
process, and that due to the strong crosslink bonds 
between each particle 2 and the substrate 3 , these par- 
ticle do not easily detach from the substrate. 

In the embodiment of figure 18 a number of longitu- so 
dinal slits 65 is formed in the substrate, which impart 
improved extensibility and flexibility to the substrate in 
the direction transverse to the slits. 

Slitting of absorbent cellulosic foam structures to 
impart improved flexibility has been described in EP-A- ss 
0 293 208. This technology can be applied to the com- 
posite absorbent structures according to the present 
invention. 



In a further enrbodiment. the absorbent structure 
according to the invention is elastically extensible, for 
instance due to elastic properties of the substrate or due 
to separate elastication of the substrate by combining 
with elastic members. Elastic absorbent structures have 
been described in detail in EP-A-0 552 345. 

Rgure 19 schematically shows a method of manu- 
facturing a composite absorbent article according to the 
invention. A substrate 3 is unwound from a supply roll 67 
and passed underneath a nozzle 62. Cross-linking agent 
70 is sprayed onto the substrate, either homogeneously 
or in a pattern. Patterns of cross-linking agent may be 
otrtained by shielding certain areas of the sut^strate 3 by 
a mask 69 placed between the nozzle 62 and the sut>- 
strate 3. 

From a dispenser 64 a stream 65 of hydrogel-form- 
ing particles is deposited onto the substrate in basis 
weights below 1 00 gm~2. in a nip 66. the substrate 3 and 
particles are bonded by curing of the cross-linking agent 
under increased temperature and pressure conditions. It 
is also possible that the nip 66 is omitted if a crosslinking 
agent is used which cures at room temperature ar>d pres- 
sure. Finally, the finished absorbent composite structure 
4 is wound on a storage roll 68. 

Further methods of manufacturing an absorbent 
composite structure are disclosed in copending Euro- 
pean patent application (attorney docket ROI 833). 

Claims 

1 . Absorbent composite structure comprising 

a substrate having an upper and a lower surface and 
a plurality of hydrogel-forming polymer particles 
chemically bonded to at least one surface of the sub- 
strate, wherein the polymer particles each comprise 
a plurality of cross-linked molecules 
characterised in that the substrate and the hydrogel- 
forming polymer particles are connected by a 
crosslinking agent capat3le of crosslinking the mol- 
ecules of the particles, wherein for at least a part of 
the structure the degree of inter particle cross-link- 
ing between the particles is sufficiently low that no 
inter-particle crosslinked macrostructures are 
formed of circumscribed dry volume larger than 10 
mm3. 

2. Absorbent composite structure according to claim 1 . 
characterised in that in a pre-determined area of the 
substrate, at least 50 % of the hydrogel-forming par- 
ticles do not contact another hydrogel-forming par- 
ticle. 

3. Absorbent composite structure according to claims 
1 or 2. wherein substantially each hydrogel-forming 
particle comprises a crosslink bond with the sub- 
strate. 

4. Absorbent composite structure according to any of 
the previous claims, wherein the basis weight of the 
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hydrogel-forming particles is not higher than 100 
gm-2. 

5. Absorbent composite structure according to any of 
the previous claims, wherein the substrate com- 
prises a foamed or fibrous absorbent material. 

6. Absorbent composite structure according to any of 
the previous claims, wherein the substrate com- 
prises a cellulosic functional group. 

7. Absorbent composite structure according to any of 
the previous claims, wherein the hydrogel-forming 
particles comprise an anionic functional group, pref- 
erably a carboxy group, the inter particle crosslinking 
agent comprising a cationic amino-epichlorohydrin 
adduct. 

8. Absorbent composite structure according to daim 7, 
wherein the inter-particle crosslinking agent com- 
prises Kymene®. 

9. Absorbent structure according to any of the previous 
claims, wherein the hydrogel-forming particles are 
bonded to opposite surfaces of the substrate. 

10. Absorbent composite structure according to any of 
the previous claims, comprising at least two sub- 
strates between which a layer of hydrogel-forming 
particles is comprised. 

11. Absorbent composite structure according to any of 
the previous claims, the substrate having at least two 
areas, a mutually different basis weight of the hydro- 
gel-forming particles being attached to the respec- 
tive areas. 

12. Absorbent composite structure according to any of 
the previous claims, the substrate comprising at 
least two areas comprising hydrogel-forming parti- 
cles having different chemical or physical properties. 

13. Absorbent composite structure according to claim 
11 or 1 2, wherein the two areas are each on opposite 
surfaces of the substrate. 

14. Absorbent composite structure according to any of 
the previous claims, wherein the substrate is exten- 
sible by at least 5 percent, preferably at least 1 0 per- 
cent. 

15. Absorbent composite structure according to claim 
14. wherein the sut>strate is elasticatly extensitsle. 

1 6. Absorbent article comprising an absorbent compos- 
ite structure according to any of the previous claims. 

17. Absorbent article according to claim 16. the article 
comprising a liquid permeable topsheet, a liquid 



impermeable backsheet. the absorbent composite 
structure being encased between the topsheet and 
the backsheet, the absorbent article having a flexure 
resistance of less than 300 grams. 

5 

18- Absorbent article according to claim 17, wherein the 
caliper of the article is less than 5 millimeter, prefer- 
ably less than 3 mm. 

10 19. Absorbent article according to daim 1 6, comprising 
an absorbent core having a body-facing upper face, 
wherein the absorbent core comprises from the 
upper face downward: 

IS - an upper acquisition layer. 

the absorbent composite structure, according to 

any of daims 1 to 15 and 

a lower layer comprising an absorbent gelling 

material 

20 

20. Method of making a conrposite absorbent structure 
according to any of the previous claims, the method 
comprising the steps of: 

25 - providing a substrate, 

applying to the substrate an inter-particle cross 
linking agent capable of crosslinking the mole- 
cules of the particles and 
applying the particles to the substrate to form 
30 the absorbent composite structure. 

21. Method according to claim 20, wherein the method 
comprises the step of compressing the absorbent 
composite structure after application of the particles 

35 to the substrate. 
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